the TRACK-TBI Investigators IMPORTANCE Traumatic brain injury (TBI) has been associated with adverse mental health outcomes, such as posttraumatic stress disorder (PTSD) and major depressive disorder (MDD), but little is known about factors that modify risk for these psychiatric sequelae, particularly in the civilian sector.
I t has been commonly assumed, even among many health care professionals, that mild traumatic brain injuries (mTBIs) virtually always resolve without sequelae. 1 This assumption may contribute to these patients not receiving education about their injury at the time of injury and not receiving appropriate follow-up care after the acute injury. [2] [3] [4] Whereas it is the case that symptoms in most patients with initial Glasgow Coma Scale (GCS) scores of 13 to 15 and negative computed tomography (CT) scan results do resolve in 1 to 3 months, 3 studies show that some patients have symptoms that persist for months beyond the acute injury. 5, 6 In nearly 25 000 nonmedically evacuated US soldiers returning from Afghanistan or Iraq between 2009 and 2014 and screened for mTBI, a substantial proportion (10%-30%) of those who screened positive had symptoms that persisted for at least 3 months postinjury. 7 These and other data in civilians indicate that for many patients with mTBI, their course is not inevitably one of improvement. 8, 9 Mental health problems may be particularly salient features of nonrecovery from mTBI. 1, 10 In civilian patients hospitalized for an orthopedic injury, presence of comorbid mTBI was associated with an increased risk for posttraumatic stress disorder (PTSD) and depression 3 to 6 months postinjury. 11 Even among healthy young athletes, premorbid psychological factors have been found to be highly relevant to postconcussive recovery. 12 Among 50 US soldiers with concussive blast traumatic brain injuries (TBIs) followed up for 1 to 5 years, many had posttraumatic stress (PTS) and depressive symptoms that worsened over time. 13 Preexisting mental disorder 14 and mental health sequelae have been shown to be important determinants of overall functioning and quality of life after mTBI.
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In US Army soldiers, deployment-related mTBI was associated with an increased risk for subsequent PTSD, as well as for major depressive disorder (MDD).
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Although MDD and PTSD are prevalent after TBI, little is known about which patients are at risk for developing them. In a study of 559 civilians consecutively admitted to a level 1 trauma center with TBI, preinjury history of MDD was associated with an increased risk for MDD. 20 A retrospective review of medical records from 276 service members assigned to the United States Army Special Operations Command referred for mTBI evaluation found that premorbid PTS symptoms were associated with an increased risk for PTSD following a subsequent mTBI. 21 In a 2017 systematic review of 26 observational studies of TBI, the authors found that female sex and preinjury depressive symptoms were predictive of MDD, whereas memory of the traumatic events and early PTS symptoms were predictive of PTSD.
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Taken together, these observations strongly suggest that mental health problems are common following a "mild" TBI and that there may be individual-specific and injury-specific factors that influence risk for these disorders. We hypothesized that factors (eg, antecedent mental disorder, prior TBI, cause of injury) 23, 24 observed in prior studies to increase risk for mental health and/or postconcussive symptoms, which are known to overlap with depressive and PTS symptoms, 25, 26 in patients with TBI would be predictive of PTSD and MDD status at 6 months postinjury, with similar risk factors observed at 3 and 12 months. To our knowledge, few studies have been designed and powered to ascertain prevalence of PTSD and MDD and examine hypothesized risk factors in a large, prospective longitudinal study of nonmilitary personnel. Given substantial differences in the nature and context of the injuries and postinjury circumstances of military and civilian personnel sustaining mTBIs, 27 additional focus on these factors in a civilian cohort is needed. 
Methods

Overview
Key Points
Question Who is at greatest risk for developing mental health problems such as posttraumatic stress disorder (PTSD) or major depression after sustaining a mild traumatic brain injury (mTBI)?
Findings In this cohort study of 1155 patients with mTBI and 230 patients with orthopedic injuries not involving the head, patients with mTBI were more likely to report PTSD and/or major depressive symptoms 3 and 6 months after injury. Among patients with mTBI, a number of preinjury (eg, prior mental health problems) and injury-related (eg, assault or other violent cause of injury in the case of PTSD) characteristics were associated with increased risk of mental health problems.
Meaning Injury to the brain is associated with new onset or exacerbation of preexisting mental health problems in a substantial minority of patients; knowledge of risk factors can inform efforts at prevention, screening, diagnosis, and improved treatment.
interfere with assessment and follow-up or provision of informed consent; and current participation in a clinical therapeutic trial.
Patients were assessed at baseline (shortly after being seen in the ED) and at 2 weeks and 3, 6, and 12 months postinjury. An orthopedic trauma comparison group (n = 230) was enrolled partway through the study using identical inclusion and exclusion criteria with the exception that none were judged to have had a probable TBI on the basis of clinical history and ED admission GCS score. Follow-up on the orthopedic trauma comparison patients at the time of this report was only complete through the 6-month assessment.
All eligible individuals voluntarily agreed to participate and gave written informed consent. All study protocols were approved by the University of California, San Francisco, institutional review board and by the institutional review boards at all participating sites.
Measures Glasgow Coma Scale
The GCS is a widely used measure of brain injury severity.
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The GCS score reported here was acquired at the time of presentation to the ED. All patients with mTBI in the analyses reported here had ED admission GCS scores of 13 to 15.
PTSD Checklist for DSM-5
The PTSD Checklist for DSM-5 (PCL-5) is a widely used measure of PTSD symptoms. The range of the scale is 0 to 80. Signal detection analyses against a clinical criterion standard revealed that PCL-5 scores of 31 to 33 were optimally efficient for diagnosing PTSD. 30 We used scores of 33 or higher to indicate probable PTSD.
Patient Health Questionnaire-9
The Patient Health Questionnaire-9 (PHQ-9) is a 9-item selfreport instrument widely used to measure depressive symptoms in primary care and other medical settings. 31 The range of the scale is 0 to 27, and scores of 15 or higher are indicative of moderately severe to severe MDD. The PHQ-9 has been shown to function well as a measure of depression in those with TBI.
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Injury Characteristics and History of Mental Disorder
The TRACK-TBI assessment obtained from the respondent and the medical record information about the characteristics of the injury including (1) cause of injury (eg, motor vehicle collision, fall, other unintentional injury, assault); (2) occurrence and duration of disturbance or loss of consciousness; and (3) occurrence and duration of posttraumatic amnesia. Patients were hospitalized based on clinical indications as determined by the treating physicians and were recorded as (1) not hospitalized (ie discharged from the ED); (2) hospitalized outside of intensive care unit (ICU); or (3) hospitalized in ICU. In this cohort with ED GCS scores of 13 to 15, most ICU hospitalizations were for reasons other than the TBI per se, although at some sites it was common practice to admit patients with mTBI to the ICU solely for observation. The TRACK-TBI interview requested information from the respondent (acquired at baseline and in some cases collected from a patient relative or other suitable informant) about prior TBI(s) and history of mental disorder.
CT Scans
Computed tomography scans obtained within the first 25 hours of injury were available for the majority (missing in 25 of 1155 [2.2%]) of patients with mTBI. These scans were systematically read by an experienced neuroradiologist and for purposes of analysis here were categorized as either positive or negative (ie, no evidence of intracranial injury).
Statistical Analysis
Cross-sectional analyses were performed at each follow-up visit. Propensity weights using generalized boosted regression models 33 were developed separately for patients with mTBI and orthopedic trauma and applied to account for missing data at follow-up visits. Weights-adjusted summaries were calculated for the PCL-5 and PHQ-9 outcomes. Comparisons were made between mTBI and orthopedic controls using weights-adjusted t tests for the continuous scores and weightsadjusted χ 2 test for the binary diagnosis outcomes. Among patients with mTBI, weights-adjusted logistic regression models were fit to estimate the association of demographics and preinjury and injury characteristics with postinjury PTSD and depression. Multivariable significance was examined using design-based Wald χ 2 tests. For the regression analyses, a 2-sided P value less than .005 was considered statistically significant, taking into account the multitude of comparisons made and the magnitude of associations. 34 Sensitivity analyses were also performed using linear mixed-effects models to assess the effect of baseline risk factors on PCL-5 and PHQ-9 total scores at 3, 6, and 12 months postinjury. All statistical analyses were conducted in R, version 3.3.2 (R Foundation for Statistical Computing).
Results
A total of 1155 individuals with TBI were evaluated in the ED with an ED arrival GCS score of 13 to 15. The mean (SD) age was 40.5 (17.2) years, and the mean (SD) years of education was 13.6 (2.9). Of 1155 individuals, 752 (65.1%) were men, 881 (77.2%) were white, and 245 (21.4%) were Hispanic. A total of 239 patients (21%) had a psychiatric history. Table 1 summarizes the clinical characteristics of the mTBI sample. Also included in Table 1 are the 230 comparison patients with orthopedic trauma who were similar to the patients with mTBI on all characteristics with the exception of being less likely to report assault or other violence as their cause of injury (1% for orthopedic trauma patients vs 6% for patients with mTBI; P = .001 by Fisher exact test) and less likely to have been admitted to the ICU (7.4% for orthopedic trauma patients vs 24.5% for patients with mTBI; P < .001 by Fisher exact test). Table 2 summarizes weights-adjusted PCL-5 and PHQ-9 scores and corresponding rates of probable PTSD and probable moderately severe to severe MDD at each of the outcome assessment time points, all of which are significantly different between the mTBI and orthopedic comparison groups, with the exception of probable MDD at 6 months. Weights-adjusted prevalence of either MDD or PTSD in the 2 groups at 3 months was 20.0% (SE, 1.4%) vs 8.7% (SE, 2.2%) (P < .001) and at 6 months was 21.2% (SE, 1.5%) vs 12.1% (SE, 3.2%) (P = .03). Sensitivity analyses using higher and lower thresholds for case definitions yielded similar results (eTables 1 to 6 in the Supplement).
The Figure illustrates the status of patients with mTBI (628 individuals had complete data) over time with respect to meeting criteria for probable PTSD, MDD, both, or neither at 3, 6, and 12 months after mTBI. The most common outcome was having no disorder at any time (n = 431), followed by having both PTSD and MDD at all times (n = 62); all other possible combinations of outcomes were seen but less frequently.
Risk factors for probable PTSD and probable moderately severe to severe MDD at 6 months postinjury are summarized in Table 3 and Table 4 , respectively. Models for 3-and 12-month outcomes were similar and are shown in eTables 7 to 10 in the Supplement. Longitudinal linear mixed-effects models for continuous PCL-5 (eTable 11 in the Supplement) and PHQ-9 scores (eTable 12 in the Supplement) were also consistent in identifying similar sets of predictors.
Statistically significant risk factors for probable PTSD at 6 months postinjury (Table 3) included less education (adjusted odds ratio [AOR], 0.89; 95% CI, 0.82-0.97 per year), being black (AOR, 5.11; 95% CI, 2.89-9.05), antecedent mental disorder (AOR, 3.57; 95% CI, 2.09-6.09), and injury resulting from assault or other violence (AOR, 3.43; 95% CI, 1.56-7.54). Prior TBI was also nominally associated with increased PTSD risk (AOR, 1.63; 95% CI 1.02-2.60), but this association did not reach our conservative level (ie, P < .005) of statistical significance. Risk factors for probable MDD (Table 4) were similar with the exception that cause of injury was not associated with increased risk. Other injury-related factors, such as duration of loss of consciousness or posttraumatic amnesia, evidence of brain injury on CT scan or hospitalization (± ICU) were not associated with PTSD or MDD risk. Sensitivity analyses that included additional indicators of socioeconomic status (ie, employment status and type of health insurance coverage) did not result in any material change to the strength of any of the above predictors (eTables 13 and 14 in the Supplement).
Discussion
In this study of patients with GCS scores of 13 to 15 seen in the ED at level 1 trauma centers in the United States and triaged to CT imaging, we observed that PTSD and MDD were relatively common, with 6-month rates ranging from 9% to 19%. Benchmarking to prior studies with similar designs, our 3-and 6-month prevalence of PTSD of 19% was somewhat higher than the 3-month and 6-month prevalence estimates of 9% reported in French 35 and Dutch 17 studies of patients with mTBI seen in the ED. Our 6-month prevalence of MDD of 9% was comparable with that of the Dutch ED study 17 (7%) but somewhat lower than the 6-month prevalence of 21% reported in a US study of patients with TBI seen in the ED at a single level 1 trauma center. 20 There is great variability in the approach to diagnosis and management of mTBI in the ED in Europe 36 and, presumably, in other regions. This variability, along with a Data shown are raw numbers; sample sizes for variables may differ from the total owing to missing data.
b Glasgow Coma Scale scores ranged from 13 to 15.
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differences in inclusion and exclusion criteria, assessment tools, and other measurement issues likely underlie the observed differences in prevalence estimates among these studies.
We also observed that patients with mTBI (many of whom also had extracranial injuries) experienced significantly more PTSD and, to a lesser extent, MDD postinjury than did patients with nonhead orthopedic injuries assessed using the same protocol. These findings are congruent with those of other studies that find more mental health problems among patients sustaining TBIs than other bodily injuries.
11,37
They are also broadly consistent with other studies of psychological outcomes in patients with TBI, which find pervasive mental health sequelae.
1,10 Traumatic brain injury (including mTBI) appears to be a forerunner to a host of neuropsychiatric disorders ranging from MDD to bipolar disorder to neurodegenerative disorders such as dementia [38] [39] [40] and Parkinson disease. 41, 42 These observations suggest either that TBI is a risk factor for a variety of disparate pathological processes or that TBI increases risk for these disorders through a common mechanistic pathway. Mechanisms posited for the association between TBI and subsequent mental and neurodegenerative disorders include mechanical damage to white matter tracks linking frontocortical regulatory regions to other brain regions, neuroinflammation, and stress-related oxidative damage. 25,43,44 Although we are unable to presently address mechanisms underlying the associations between mTBI and the mental health sequelae seen here, we are hopeful that future analyses of TRACK-TBI imaging and blood-based plasma biomarker measures may prove informative in this regard. Consistent with prior work establishing that a history of MDD increases risk for MDD after TBI, 20 we observed that having an antecedent mental health problem prior to TBI was an exceptionally strong risk factor for having PTSD or MDD postinjury. In some cases, this might be the continuation or exacerbation of a preinjury mental disorder, and in others it may be a new episode of mental disorder in someone who was well at the time of injury but had a more remote mental health history. Regrettably, our assessment protocol did not distinguish those 2 eventualities. However, in either case this finding underscores the importance of clinicians being aware of the mental health history of their b Values shown are raw numbers (sample sizes) and propensity weights-adjusted summaries.
c Glasgow Coma Scale scores of 13 to 15.
d PCL-5 total score was calculated as the sum of 20 individual items. Range was 0 to 80, and higher score indicates worse symptoms. Total score was prorated if less than 25% of the individual items were missing. Probable PTSD diagnosis was defined as PCL-5 total score 33 or higher.
e PHQ-9 total score was calculated as the sum of 9 individual items. Range was 0-27, and higher score indicates worse symptoms. Probable MDD (moderately severe to severe depression) was defined as PHQ-9 total score 15 or higher. Data for this report are available for the orthopedic trauma comparison patients only through 6 months.
Risk patients with mTBI, as this information is central to expectations regarding both short-term and long-term outcome. 45, 46 The neural and behavioral underpinnings of vulnerability to TBI associated with antecedent mental disorders are not well understood, but further investigation may facilitate preventive strategies. In the meantime, awareness of the strong association of TBI involving assault or other violence with risk of PTSD postinjury should also influence decisions about surveillance and treatment planning, as discussed below. The finding that cause of injury involving assault or violence was specifically associated with risk for PTSD but not MDD after mTBI is a novel finding of our research probably because most other studies have focused on either PTSD or MDD but not both, to our knowledge. This specificity of the association of violence with PTSD likely speaks to the importance of the contextual nature of the injury in determining subsequent psychopathology. Prevalence of mental health symptoms is relatively low following sport concussions 12 compared with other sources of concussions, possibly owing to the low likelihood of perceiving the injury as life threatening.
Future studies should attempt to obtain more granular information about beliefs and cognitions (eg, "I thought I would die," or "I thought they would kill me") associated with the injury, 47 as these may help explain the variability in mental health outcomes and may themselves be grist for cognitive behavioral interventions.
Strengths and Limitations
Strengths of our study are the multisite sampling, the prospective longitudinal evaluation, the large sample size, and the standardization of our mental health outcome assessment. However, our study also has a number of limitations that should be considered when contextualizing our results. First, although the patients in this study were seen at 11 academic level 1 trauma centers across the United States, there is no guarantee that our findings are generalizable to other types of medical centers and other communities and countries. For example, patients whose acute injury features did not trigger a CT scan by the examining physician were not eligible for enrollment in this study. Second, although we used propensity score weighting to account for missingness at follow-up, this method accounts only for missingness associated with measured covariates. Third, we relied on patient (or family informant) report about prior TBI(s) and prior mental health problems, and recall or reporting biases may have influenced our results. Fourth, we are uncertain how to understand the finding that black individuals were at increased risk for mental disorders following mTBI, a finding that was not explainable on the basis of socioeconomic status (education, employment status, or health insurance type) or cause of injury. Unmeasured covariates may be part of the explanation; this is a topic needing further study. Fifth, our sample was too small to attempt to replicate population-based findings of an increase in suicide deaths in patients with TBI. 48, 49 Sixth, although we included a comparison group of patients admitted to the hospital with nonhead orthopedic injuries, nonconsecutive sampling and the nonrepresentative ratio of patients with TBI to non-TBI orthopedic injury weakens conclusions drawn from these comparisons. Furthermore, it is possible that poorly or unmeasured injury characteristics (eg, multiple trauma severity, treatment received for the injury) may materially differ from those of the patients with mTBI. We are therefore cautious about making claims that it is the brain injury, per se, that is driving the higher observed burden of mental illness in the patients with mTBI in our study. This, too, is a question for further research. Another limitation of this work might be its focus on only 2 (PTSD and MDD) of many possibly consequential mental disorders. For example, insomnia has also been seen as a frequent contributor to functional impairment after TBI. 16 Our findings may have implications for surveillance and treatment of mental disorders after TBI. The emergence and long-term course of PTSD after TBI is variable, 54 and our findings show that PTSD and MDD, although common, occur in only a minority of patients post-mTBI but especially those with prior mental health problems. Consequently, we may want to consider watchful waiting (ie, active vigilance with planned follow-up) of patients with prior mental health problems and intervene when it is apparent that symptoms are persisting or worsening. In such situations, treatment with empirically supported interventions should be promptly initiated. Although some research indicates that selective serotonin reuptake inhibitors are not effective in the treatment of post-TBI major depression, 55 the paucity of available evidence for what does work would suggest that selective serotonin reuptake inhibitors or other antidepressants and/or cognitive behavioral therapies would be worth trying on an individual patient-by-patient basis. 56 Clearly, more work needs to be done to determine for whom such treatments are effective and to develop more broadly efficacious treatments.
Conclusions
Posttraumatic stress disorder and MDD are common sequelae of mTBI. Some individuals, on the basis of antecedent mental health status and-in the case of PTSD-context of injury (ie, assault or other violence), are at substantially increased risk of mental health problems following mTBI. These findings should influence recognition of at-risk individuals following mTBI and inform efforts at surveillance and intervention. 
